In a previous note Keeley, Mendelssohn and Moore* have shown that the magnetic behaviour of supraconducting alloys differs consider ably from that of pure metals. This led to investigations on other pro perties of supraconducting alloys to discover if this difference was due to a fundamental difference in the nature of supraconductivity in pure metals and in alloys. Experiments have therefore been carried out on the energy content of a supraconducting alloy.
Specific Heat of a Supraconducting Alloy
By K. M endelssohn and J. R. M oore. (< Communicated by F. A. Lindemann, F.R.S.-Received April 1, 1935.) In a previous note Keeley, Mendelssohn and Moore* have shown that the magnetic behaviour of supraconducting alloys differs consider ably from that of pure metals. This led to investigations on other pro perties of supraconducting alloys to discover if this difference was due to a fundamental difference in the nature of supraconductivity in pure metals and in alloys. Experiments have therefore been carried out on the energy content of a supraconducting alloy.
Keesom and his collaborators have found a discontinuity in the specific heats of pure metals at the temperature at which they become supracon ducting. f The magnitude of this discontinuity has been correlated with the steepness of the magnetic threshold curve at the transition point by a simple formula due to Rutgers4 Ac is the difference between the specific heats per gm molecule of the supraconducting and normal states, H the magnetic threshold value, A the atomic weight, d the density and T the transition temperature. This equation gives good agreement with the measurements on tin and thallium, the .values of (~p^J being taken from measurements on the change of resistance of wires of the metal in a longitudinal field. The value of (~pf) at the transition point is much greater for some alloys than for pure metals and the anomaly in the specific heat, since it varies as , would be expected to have a very large value. For this reason the specific heat of the alloy PbT l2 was measured in the temperature range 3° K-6° K.
Its magnetic threshold values near the transition point 4-09° K, have been determined by resistance measurements in Leiden.* We have first reported on the results of this investigation in a note to ' Nature.'! Quite recently Schubnikow and Chotkewitsch have pub lished a note on the specific heat of a supraconducting alloy! which, although less accurate than our experiments on P bT l2, confirms them entirely.
M ethod
The low temperatures were produced in a small helium liquefier working on the expansion method, § the lower part of which is shown in fig. 1 .
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The thick-walled copper vessel A contained the liquid helium which could be pumped off sufficiently to lower the temperature to 2° K. The calori meter B was suspended inside a cylindrical silver vessel V, soldered on to the base of the helium chamber with Bi-Cd eutectic, a solder which does not become supraconducting down to the lowest temperatures we reached. Thermal contact between A and B was provided by helium as exchange gas in V which was evacuated through the wide tube D.
The specific heats were measured by the vacuum-calorimeter method. The final arrangement which was found to be most satisfactory is shown in the diagram. Experiments were tried with the heating coil on the outside of the calorimeter block but no satisfactory results could be obtained. A possible explanation is that the coil heated the surface of the block and liberated gas which temporarily destroyed the vacuum in V. Finally the heating coil was placed inside the block and the ther mometer outside.
Lead (Kahlbaum) was used for these experiments and thallium supplied by Hopkin and Williams. The block of 33-3 atomic % lead and 66-7 atomic % thallium was cast in a pyrex tube and annealed for three days in an atmosphere of C 0 2at a temperature slightly below its melting point. The final weight of the block was 150-7 gm.
The heating core consisted of a thin copper tube R, down the centre of which ran an insulated platinum wire P sealed into it by a glass seal G. The bifilar heating coil of silk-covered constantan wire was wound on to this tube, one of the ends being soldered to the tube and the other to the platinum wire. The bifilar winding prevented the production of a mag netic field by the heating current. This core was attached by a copper cap C soldered into a groove in the block with bismuth cadmium solder. Heat exchange between core and block was obtained with helium intro duced at atmospheric pressure and room temperature through a tube X which was then sealed off. The current and potential leads, made of constantan to minimize heat conduction, were soldered on to the platinum wire and the copper tube.
The thermometer of phosphor-bronze wire (Hartmann and Braun) was wound bifilar on to a thin copper cylinder which was then soldered on to the base of the block. The phosphor-bronze was electrically insulated from the copper by a thin layer of bakelite varnish and was protected by a second layer of varnish. The calibration of this thermometer was carried out in a separate experiment, above 4-2° K against a gas ther mometer* and below 4-2° K against the vapour pressure of the liquid helium.
We had some difficulty in reducing the flow of heat from outside into the calorimeter. It was found necessary to put the leads in good thermal contact with the helium container A by passing them through a narrow copper tube soldered to A and filled with paraffin wax. High resistance leads were used between this tube and the calorimeter. A blackened radiation shield S was soldered to A immediately below the tube leading to the pump, and the inside of this tube was also blackened. With these precautions the amount of stray heat entering the calorimeter was almost negligible.
R esults
The specific heats of P b T l2 are given in Table 1 and fig. 2 . A small correction was made for the heat capacity of the core which was of the 
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Fig. 2-Specific Heats of Pb Tl2
using the values of idT^ determined from conduct Fig. 3 gives the values of the Debye 6 calculated for each point, curve I, also the smoothed values of 0 for lead,* curve II, and thallium,f curve III, as measured in Leiden. The permeability of the block was also measured, using the method described by Keeley, Mendelssohn and Moore.J Fig 4 gives the fields at which the permeability changed considerably, curve II, and also the fields at which the resistance of a rod of P bT l2 fell to half its initial value, curve I, as measured by de Haas and Voogd in Leiden. § 
D iscussion
The striking feature of these results is that there is no appreciable dis continuity in the specific heat at the transition point. With the accuracy of our measurements we should have been able to detect a discontinuity amounting to 4% of the expected value as shown in fig. 2 (dotted curve) . This shows that Rutgers's formula cannot be applied in this simple form.
Rutgers's formula has also been derived rigorously by Gorter* in a thermodynamical treatment based on the assumption that the transition to supraconductivity is accompanied by a change to zero in the magnetic induction. He considers supraconductivity as a state which can be transformed reversibly into the normal state by changes of tem perature and magnetic field. The difference in free energy between these two states is given by the field strength necessary to destroy supracon ductivity and the equilibrium of both states is indicated by the magnetic threshold curve. For pure metals Gorter's assumption has been justified as it has been found experimentally that the change in induction coincides with the change in resistance. For this alloy, on the other hand, as our measurements on magnetic permeability show, the change in induction does not coincide with change in resistance, fig. 4 . The same result has been obtained for other alloys by Keeley, Mendelssohn and Moore,f and de Haas and Casimir.J It is obvious from Gorter's assumption that the data to be used in Rutgers's formula are the field strengths at which the induction changes suddenly from zero to its normal value and not those at which the resistance changes. However, it is not certain whether the field strengths, at which the induction changes, given by curve 2, fig. 4 , quite satisfy these conditions, as it is not yet known if the induction has its normal value throughout the region between the two curves. Unfortun ately d\i jdT for this curve is so small at the transition point, that the discontinuity in the specific heat would only amount to 1% of the gross value and could not be detected with our accuracy.
The question arises as to why there is such a great discrepancy between the field strengths at which the induction and resistance change. One possible explanation is, that owing to inhomogeneity the alloy consists of regions of different threshold values, and that while supraconductivity is already destroyed by moderate fields in the main part of the substance, supraconducting regions still exist with induction zero. These regions would still be noticed in conductivity experiments as they form a short circuit for the other material and one supraconducting thread would give the impression that the whole specimen was supraconductive. On the other hand, the induction would show no appreciable deviation if these regions were sufficiently small compared with the rest of the substance. In this case the curve of the change of induction, fig. 4 , must depend on the homogeneity of the alloy, and it may be possible to increase the amount of material of high threshold value and therefore to change the characteristic magnetic and thermal values of supraconducting alloys.
In the model described above, the assumption that the supraconducting state is distinguished by zero induction is not invalidated. It is, however, important to emphasize that this assumption is entirely experimental and cannot be derived from pure electrodynamics. The phenomena could also be explained by assuming that zero resistance and induction need not necessarily coincide, but that supraconductivity could still exist at field strengths for which the induction was not zero anywhere in the specimen.* Under these conditions, Gorter's considerations would no longer be valid,f and Rutgers's formula would have lost its significance.
It must be left to further magnetic and thermal investigations on alloys to see if either of these explanations is in agreement with actual facts.|
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Sum m a r y
The specific heats of P b T l2 have been measured in the temperature range 3° K-6° K. A discontinuity in the specific heats which was to be expected according to Rutgers's formula did not occur.
An explanation for this behaviour was given by considering the magnetic properties of a supraconducting alloy.
Conclusions on the constitution of a supraconducting alloy were drawn from the experiments. ,' vol. 135, p. 826 (1935) ,which give more information on these questions. It has also been pointed out that the description of regions of high threshold value by B = 0 loses its significance if these regions are of atomic or very small dimensions.
